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ABSTRACT

A teohn•que for the measurement of vapor pressure of sea

salt solutions at relatively low tsmperatures (freezing to 3000)

is described, and vapor pressure measurements are reported.

The previously reported results of Higashi (1931) at tempera-

tures from 30 0C to ' °7C have been re-smoothed and tied in with

the results of this investigation.
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I. INTRODUCTION

Accurate information on the vapor pressure of sea salt solutions

ranOng in concentrations from dilute sea wr'ter to saturated solutions

is of primary imortance to meteorologiets amd oceanograph3rs. This

information is necessary in the determination of atmospheric sea salt

nuclei by "isopiestic" method (Woodcock and Gifford, 1949). It is also

useful in the study of the sea salt nuclei that may act as condensation

nuclei in the formation of sea fogs and clouds as well as of nuclei at

*loud bases that may accout for production of rain from small clouds at

temperatures above 00 C.

Information regarding the vapor pressure of sea water has been pub-

2.±6hed by Higashi, et al, 1931, for a temperature range of 25 0 C to 1750C

and for concentrations up to saturation, A table of vapor pressure of

sea water of salinity 35 0/o for terperatures from freezing to 32 0 C is

given in 5vurdrup, ut EUl, 19'". Hligau'hJ)'F daiti uu&u OW6ta.ied bjy Ui-acW

experimental measurement while Sverdrupfs are inferred from measurements

of other parameters. However, no information based on direct experi-

I arental results from freezing point to 25 0C has been reported. The pri-

rary purpose of this paper is to report the values obtained and the method

used to determine vapor pressure of sea water for different concentra-

tions for this temperature rankle.

II. APPARATUS

1. General Desoription.

The determination of vapor pressure was carried out with static type
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Taper pressure apparatus of essentially the type used by flibson and Adams,

1933. Slight modifications of the Gibson and Adams technique included

the use of a comewhat different solution container and a manometric oil

of lower density. Dissolved gases wire removed from the sample by the

method suggested by Hibben, iM29. This consisted of a vacuum sublimation

of the solution. A new type of solution cell was designed in order to

carry out both the degassing and vapor pressure measurement in the same

container,

A schematic diagram of the apparatus is shown in Figure 1 and two

photographs of the apparatus (Figures 2 and 3) show the actual arrarge-

ment of the various components. The apparatus consisted of a therm-

stated bath which maintained thermal equilibrium between pure water eample

and sea water at ax7 desired temperature. The test solutions remained in

the solution cells during both the operations of degassing and vapor

The manometer measured the pressure differential between & solution

and the vacuum. Two flasks containing water were used as auirliary

sources of water vapor to assist in obtaining rapid equilibrium in the

system. A cathetometer was used to determine the difference in height

of the two oil levels in the manometer.

2. Details of Construction.

In order to obtain relatively good pumping speeds when evacuating

the system, 10 milli-moter glass tubing and stopcocks of 4 mili=eter bore

were used.
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The two primary requirements for a suitable manrieter oil aren (a)

extremely low vapor pressure, (b) lowest possible density. Butyl seba.

cate, which has a density of .933 at 250C, was selected. The manometer

was constructed of 18 millimeter OD tubing to minimize capillary rise.

This size was recanended by Oibson and Adama (1933).

The oil drain at the bottom of the manometer consisted of glass tub-

ing, sealed at the end. It was originally intended to use a stopcock at

this point but it was found that the butyl sebacate manometric fluid dis-

solved the stopcock lubricant and caused leakage of air into the system.

The 300 millimeter auxiliar7 water flasks were attached to the systsm

through a ground glass joint, This enabled the water to be introduced

into these flasks easily.

The vapor trap was cooled with dry ice and alcohol mixture to produce

a temerature of about -72C, su fficiently low to prevent any moisture

L

(RCA-l946), located on the pump side of the vapor trap, measured the re-

sidual gas pressure. Pumping was done by means of a Cenco Hyvac.

The solution cells, a diagram of which is shown in Figure 4, were of

the authors' design. The glass containers consisted of 100 millimeter

pyrex tubing, one end closed off with a test tube seal. Tubing was used

instead of a more readily available bell jar because the thinner walls

allow mre rapid attainment of thermal equilibrium between the test solu-

tion and the thermostatnd bath.

The brass cell cover contained the fittings for the vacuum line,

rotary vacuum seal, and t'e plug. A cylindrical brass reservoir, projecting
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downward into the cell provided tl'e surfaoe for the vaouum Eiblimat±on.

The seal between the glass tubing and the brass cover consisted of an

O-ring recessed in a groove well packed with vacuum grease.

Stirring the solution in the cells was accomplished by means of the

motor and pulley arrangement shown in Figure 2. The calls were connected

to the vacuum system with copper tubing which was in turn couplad to the

glass tubing with vaauum rubber hose.

The cathetometer was a commeroial midel with a range of 40 centi-

meters and an aocuracy of + 0.I millixeters. The instrament was mounted

ad~aoent to the manometer. The differance in the height of the two col-

tmins was obtained by first ascertaining the height of one oolumn, revolv-

ing the telescope through a small horizontal angle, and then determining

the height of the other column. The leveling of the instrument was

checked periodically by equalizing the pressure on both sides of the

on the cathetmceter.

The constant temperature bath, the top of whhich is visible in the

lower part of Figure 3, contained 10 gallons of ethylene gl4col-water solu-

tion. The tank was surrounded by 1/2 inch of insulation and a wooden box.

The heating element was a 250 watt knifa heater. Two stirring motors

were used to keep the solution well agitated. Temperature regulation was

obtained with a mercury thermo-regulator, which activated a relay, and

which in turn controlled the current to the knife heater. The entire bath

was set in vertical guides so that it could be raised to i~nerse the cells

completely.



The refrigerator was a 1/4 horsepower freon unit, with sufficient

capacity to handl'- the entire range of temperatures used in this work.

An adjustable expansion valve and gauge were mounted on the side of the

tank and six t=',ns of copper tubing in the tank served as the cooling

coils.

The temperature in the tank was readily controlled to 7 O.007 0 C.

The ma itum variation of the tank temmerature was determined by a record-

ing potentiometer and a thermocouple. The two thermometers used to de-

terzine the tank temperature were supplied with Bureau of Standards

tabular corrections. The 0-5 0 0C thermometer was read to O.01 0 C, while

the -300 to 500C thernometer was read to 0.020 C. A stem correction, of

the order of several hundredths of a degree, was made on each observation.

11i. CALIBRATION OF THE MANOMTER

DNterriation of the denttv of the P1 n'met. I fn ei _n !- A w 'H-- +.h-A

picnometer flask method. The volume of a pyrex flask was deterrmned by

filJling it with distilled water, immersing it in the constant temperature

bath, weighing it to obtain the gross weight, and from this obtaining the

net weight of the water. From the known density at this temperature, the

volume was determined. This procedure was repeated for tht butyl sebacate

at different temperatures and the density at each temperature was calcu-

lated. The correction for change in volume of the flask was negligible.

The curve of density versus temperature is given in Figure 5.

The manometer was prepared for measurerront by introducing the oil

thro'gh the stopcock above the manometer. Tn order to expel the dissolved
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gases in the oil, the system vau evacuated; the manometer oil was warmed

for a short period of time, and a high vacuum was maintained by oontinuad

pumping for a period of one day. Care was taken never to expose the

system to atmospheric pressure once the manmeter oil had been degasseds.

IV. EXPERI)EN AL PPZCEE

1. Preparation and Titration of Sables

The preparation of samples consisted of obtaining sea water varying

in concentration fr=m sea water itself to a saturated solution. Attempts

were made to use a formula for artificial sea water (Lyi= and Fleming,

I f1940) to obtain the concentrated solutions, but large amounts of precipi-

tate were observed in the concentrated solutions, and the use of artifi-

cial sea water" was abandoned.

The samples were prepared from natural sea water obtained at Woods

WA1e, _ saahuae-rs. iliew Ccnentratio QtL.~ o: aa.Z 581c T

water (which had been previously filtered to remove the organic matter) was

carried out in 2000 mil!liter Erlenmeyer flasks heated over a low flame.

The other five samples were concentrated in boiling flasks by passing air

through the solution and maintainin a temerature of 80 0 C. It was found

that the saturation point was at about 10 tim,is the normal concentration,

or at a chlorinity of about 155 °/o. For concentrations of 40 0/0o or

greater soms precipitate appeared. Thompson (1932) states that CaOO3 is

first deposited, followed by GaSO•.2H20 at a concentration of about 70 O/0o.

The concentrated solutions and their precipitates were stored in 500

nrilliliter flasks. The saples for vapor pressure measurements were
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decanted at room temperature and did not contain a•r precipitates which

night have interfered in the titration of samples.

Concentration of the samples was determined by titration with silver

nitrate solution. The silver nitrate was stand ts.d.sd agai.nst seoondary

standard sea water. The density of the concentrated solutions was obtained

from Higashi, et al (1931).

The accuracy of the sea water titrations was determined to be about

0.05% by comparing results with those obtained by the Woods Hole Oceanw-

graphia Institution's salinity determination laboratory.

2. Degassing of Samples and Auxiliary Flasks

Degassing of the samples was carried out in the following manner:

the samples were introduced by pipette through the hole in the solution

cell covers, and the system was then sealed. A small pail containing a

:- + ".=- zr.A A-r ice weas suinended ar-nd the solution cell. After

the sample was at the freezing point for a period of time, the three-wva

stopcock was opened momentarily to produce a partial vaouum in the solu-

tion cell. This liberated a fairly large quantity of gas from the solu-

tion.

At this point, a mixture of dry ice and alcohol was introduced into

the brass tubing reservoir which projects down into the cell. This pro-

duced immediate condensation and freezing of water vapor on the brass

tubing. The vacuum of the system was then applied to the cell. Rapid

evaporation from the surface of the soliition caused the solution to freeze

in a matter of seconds. At this point, the vapor pressure of the ice,

which was forming on the wall of the reservoir, was a fraction of a
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millimeter. It was now neces,'ary to heat the water on the outside of the

solution cell in order to speed up the sublimation process. The uublima-

tion process was continued until the last of the ice crystals disopeamed

from the bottom of the glass cell. The solution cell was then shut off

from the vacuum system and warm water and dry ice-alcohol mixture were

"Wreved, thus allowing the ice thnt had frozen on the cold wall to molt

and return to the bottom of the cell.

For the vure water sample, this process required about 12 hours, while

for the sea water solution it required about h or 5 hours, depending upon

the concentration of the solution.

Degassing of the salt solutions produced deposits of salt along the

walla of the glass above the solution level. These deposits were washed

back into the solution by shaking the cell slightly. Also, cooling the

upper portion of the wall caused moisture to condense and run down the

wall, assisting in washing the salt lua.wk- lat th0 colut--icm.

Degassing the water in the auxiliary flasks was carried out in the

manner, suggested by Gibson and Adams, that is, freezing under vacuum.

The following procedure was used to degass these flasks: pure water was

placed in the flask; a vacuum was applied to the solution liberating a

fair quaxtity of gas. A mixture of dry ice and alcohol was placed around

the flask causing the water to freeze. The flasks were sealed, dry ice

mixture removed, and water allowed to molt. This process was repeated 3

or i times.

3. Deter.ination of Vapor Pressure.

The determinntion of vapor pressure for each sample was made at ýo
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intervals from a temperature of 30 0 C, to the freezing point of the solu-

tion.

The constant temperature bath was raised until the level of the bath

wus up to the top of the cell covers. The temperature of the bath was set

at some specific value, and the stirring motors were started. Thermsl

equilibrium was reached in about j hour and the three-way stopcock of the

salt solution cell was then turned so that it was connected to one leg of

the ms. moter. The other leg of the manometer was on the high vacuum side.

A short blast of water vapor from the auxiliary flask helped the sys-

tem to reach pressure equilibri= rapidly, and when equilibrium was reached,

cathetometer readings were made of the maometer levels. The manometer

oil temperature was read with a small thermometer securely fastened to the

manometer itself. The bath temperature and the ambient temperature above

the surface of the liquid were also observed. This procedure was ther

repeated for the pure water sample,

The differential pressure measurement was obtaimed with the pure

vater sample connected to one leg of the manometer and the sea water am-

pie connected to the other. As a check on those measurements, the ob-

served pressure of pure water was ckecked with the values for vapor pres-

sure of water given in "'Handbook of Chemistry and Physics'. The differ-

once between observed sea water vapor pressure and pure water vapor

pressure was the vapor pressure loeering, and this value was checked with

the value obtained from the differential method direotlyv

For temperatures below 00 C, the bath was brought to several degrees

below freezing and held there several hours, thus allowing the pure water



sample to freeze, The readings were taken in the ramer previously des-

oribed. The pressure difference was no longer vapor pressure lowering

but the differonce betieen vapor pressure of the solutiou and vapor pres-

sure of ice. In order to obtain vapor pressure loverlng, relative to

pure water, the difference between the vapor pressure of ice and water

was added to the observed pressure differential. The vapor pressure of

ice was also checked with the published values and excelleat agreement

was observed.

It was found that the samples of high concentration required less

time to achieve equilibrium than those of low concentration. The time

was of the order of I hour for the former and about 24 hours for the

latter,

To check the reproducibility of the results, measurements were

•_ made at the same temperature on the same sample several days apart. In

most cases the values checked within + 2%.

A check was made on the completeness of tVe degassing of a sample

after a series of measurements had been made. It was found that a second

and even third degassing produced no significant effect on the observed

vapor pressure. The degassing of the pure water sample was assumed com-

plete since its observed vapor pressure consistently checked with pub-

lished velues.

The conccntration of the sazle was determined both before it was

planced in the solution cell and also after the completion of the vapor

pressure measurements. The fact that the concentration did not change

significantly showed that this method of degassing results in a negligible

loss of solvent.
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V. EXPMETAL RESULTS

Integration of the Clausius-Clapeyron equation yields the r:lation:

-L
In p= - + C (1)

RT

where p is pressure, T is temperature, R is the gas constant, L is the

latent heat of evaporation, and C a constant of integration. It is evi-

dent from equation (1) that if vapor pressure is plotted against recipro-

cal of absolute temperature on seailogarithbic paper, the result will be

a straight line to a first order approximation, since the latent heat does

not vary greatly in the temperature interval under consideration. There-

fore the vapor pressure of solutions of different concentrations, if

plotted on semilogarithmio paper, will form a fanily of lines each die-

lowering versus l/T will also be very nearly a straight line.

At the freezing point of a solution the vapor pressures of the solu-

L tion and of pure ice are the same. From published freezing point equations

I
(Thompson 1932; Hazaen, 1904), the vapor pressure lowering may be deter-

mined. For chhlorimities of 35 O/oo and less, where these equations are

valid, the computed values agreed well with our experimental results.

'The original experimental points are givin in Appendix 2 and are

shown plotted on semilogarithmic coordinates in Figure 6. In order to ob-

tain the values of vapor pressure lowering for solutions of various other

concentrations, it waa necessary to interpolate between the original

curves of Figure 6. A cross plot of vapor pressure lowering versus the
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logarithm cf ohlorinity (Figure 7) was obtained from Figure 6. Vapor pres-

sure loweriLg for various integral values of chlorinity was then obtained

from the smoothed curves of Figure 7. The latter values are plotted and

smoothed on samilogarithmio coordinates in Figure 8. A table of values on

which Figure 8 is based is given in Table 1 cof Appei•dix 1.

Before tne techniques of degassing and insuring pressure equilibrium

in the system were perfected, runs on some of the early samples showed a

very large scatter (as, for evaIse, the 01 = 35 0/oo points in Figure 6).

All experimental results have been included in Figure 6 for comleteness,

but principal weight in Moothing and in deterndming the slopes of the ourves

has beeo given tc the later, more reproducible measurements,

Because of the inaccessibility of Higashils tata (1931) in the original

publication, it was deemed desirable to rework his data and tie them in

with the results of this investigation, thus supplying values of vapor pros-

nre lowering in the temperature rarge between L0C and 170C as We21 as

between freezing and 300 C.

In re-examining Higashi's smoothed values and original experimntal
results, various large discrepancies were noted, and his 2t 0 o Reasurent8

were found to show exeedingly large scatter. It was therefore decided

to re-smooth Rigashi's data, substituting our 250C results for his. The

resulting plot of vapor pressure lowering versus log of ohlorinity is shown

in Figure 9. The results of Figure 9 were further smoothed by oross plot-

ting, and the final smoothed curves, combining both our data and Eigashi's

Sfor temperatures from freezing to 17500 are shown in Figure 10. The table
of values on which Figure 10 is based is given in Table 2 of Appendix 1.

Higashils original reaults are reproduced in Appendix 3.
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R, Witting (1908) obtained a relationship between concentration and

vapor pressure lowering by utilizing the pertinent thermod~ammio equa-

tions (Dstwald, 1899) and an experimental relationship between chlorinity

and freezing point lowering (Hansen, 1904). Wittingt' relationship is

given in Appendix 4 and is also plotted in Figure 10. It was found that

for dilute solutions (chlorinity of 20 or less) there was qUite good

agreement between the Witting equation and our results in the temperature

range between O°C and 30 0 C.

In view of the smoothing processes used in obtainin the final vAlues

of vapor pressure lowering, it is difficult to make an objective estimate

of the aocuracy of the results, but the authors feel this to be of the

order of 2%.
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Appendix .

Te.bulated Values Used in Plotting Figures 8 and 10

Table 1

Valuea of vapor pressure lowering used in Figure 8
(Rosults of this investigation)

Pressure in r. of Hg.
Chlorinity,0/oo Temperature OC

-350 300 250 200 150 10 9 00 -50 -1o0

5 0.18 0.13 0.10 0.08 0.06 O.0, 0.03 0.02
[
f10 Coo3 0.27 0.20 0.15 o.11 o.oB 0.06 o.o4 - -

20 0.74 0.56 0.43 0.32 0.23 0.16 0.12 0.08 - -

30 1.20 0.90 0.68 0.49 0.36 0.26 0.18 0.12 -

)-. - L '.7 le2q 0.92 0.67 0.49 0.35 0.214 0.17 -

50 2.24 1.67 1.24 0.90 0.65 0.45 0.31 0.22 0.15 -

60 2.87 2.114 1.58 1q1 0.81 0.57 0.39 0.27 0.18 -

70 3.45 2.57 1.88 1.36 0.96 0.68 o.47 0.32 0.22 -

80 4.08 3.04 2.25 1.62 1.16 0.81 0.56 0.38 0.26

90 4.87 3.65 2.67 1.92 1.37 0.95 0.66 0."4 0.30 0.20

200 5.64 4.17 3.07 2.20 1.57 1.10 0.76 0.52 0.35 0.23

1 110 6.50 4.81 3.52 2.55 .8-2 1.27 0.87 0.59 0.40 0.27

120 7.29 5.4. 4.03 2.91 2.07 1.44 1.00 0.68 0.46 0.31

130 8.17 6.09 4.50 3.28 2.36 1.67 1.16 0.79 0.54 0.36

140 8.89 6.71 4.99 3.63 2.62 1.85 1.28 0.88 0.60 0.41

150 9.93 7.42 5.52 4.01 2.93 2.08 1.47 1.02 0.69 0.46

160 10,73 8.20 6.14 4.49 3.27 2.33 1.65 1.14 0.79 0.53
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Appendix I (cont.)

Table 2

Values of vapor pressure lowering used in Figure 10
(Re-smoothsd results of Higashi)

Pressure in =. of Hg,
Chlorinity

°/o/0 Temperature OC

- 175 1500 1250 1000 751 500 25o 00

10 33.0 18.5 9.7 4.75 1.99 0.74 0.20 0.m4

20 72.6 41.0 21.1 10.2 4.4o 1.54 0.43 0.08

30 118 65.8 34.0 16.4 7.08 2.50 0.68 0.2.

4O 168 94.5 49.3 23.9 9.99 3.58 0.92 0.17

50 227 128 66.5 32.1 13.2 4.75 1.24 0.22

A 298 168 86.2 4..0 16.6 5.96 1.58 0.27

70 374 213 108 52.0 21.1 7.4.1 1.88 0.32

8o 457 257 132 62.2 25.1 8.85 2.25 0.38

90 551 308 157 74.7 30.1 10.3 2.67 o.44

100 640 363 184 87.4 34.8 21.7 3.o7 0.52

110 749 425 217 103 4I.1 13.6 3.52 0.59

120 868 486 248 127 46.3 15.2 4.03 0.68

.30 1000 568 287 135 53.7 17.2 4.50 0.79

140 1115 630 317 151 58.4 18.8 4.99 0.88

150 3-260 722 365 170 65.4 20.9 5.52 1.02

160 J"0 822 408 188 72.8 22.8 6,,1.L 1.14
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Appendix 2

Original Vapor Pressure Data Obtained
in this Investigation

Pressure in =. of Hg.
Chlorinity in parts/thousan

Corrected Observed Observed Observed Averago
Tomperature Water - *Ice Sample Differential Corrected

oc V.P. p' V.P. p - P pop

Sample #2 Cl. = 35.0

20.00 17.57 17.05 o.49 0.50
14.98 12.79 12.41 0.40 0.39
19.99 17.57 16.79 0.83 0.80
19.99 17.55 16.83 0.70 0.71
20.00 17.56 17.06 0.51 0.50
24.99 23.78 22.89 0.86 0.88
20.01 17.57 17.02 0.53 0.54
2P-499 23.79 22.80 0.95 0.97
15.00 12.8) 12.246 0.36 0.36
10.01 9.23 8.98 0.25 0.25

L1.98 6.53 6.39 0.14 0.14
a ,o 1.75 L.66 0.-0 '3

15.01 12.83 12.21 0.57 o.6o
9.96 9.20 8.98 0.25 0.24

Sample #6 Cl. - 93.6

20.01 17.59 15.L4 2.08 2.12
15.02 12.80 11.41 1.39 1.39

9.99 9.19 8.24 u.97 0.96
4.97 6.53 5.88 0.64 0.64
0.47 4.75 4.30 0.44 o.44

-8.02 * 2.32 2.26 0.05 0.24
-5.04 * 3.01 2.79 0.20 0.36
.2.50 * 3.73 3.41 0.31 0.40
-5.0o1 * 3.01 2.89 0.13 0.28
25.00 23.78 20.93 2.86 2.86

Sample #4 ci. = 68.5

20.00 17.54 16.43 1.10 1.10
)14.99 12.79 12.02 0.77 0.77
9.99 9.20 8.54 0.63 0.64

14.98 12.78 .1.99 0.79 0.79
9.98 9.20 8.60 o,60 0.6o
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Appendrz 2 (oonri.)

Corrected Observed Observed Observed Average

Temperature Water - *Ioe Sample Differential Corrected
oc V.P. P, Mep Po. P' "P P "P

0 0

sa=ple #4 C1. = 68.5 (cont.)

4.99 6.54 6.08 o.45 0.46
0.48 4.76 4.42 0.33 0.34

-3.99 * 3,29 3.17 0.10 0.24

19.98 17.51 16.18 1.32 1.32
25.02 23.82 22.02 1.82 1.81

15,01 12.82 12.01 0.86 0.84
15.00 12,81 1.2.01 0.81 0.80
19.99 17.54 16.21 1.31 1.32

114.99 12.79 12.00 0.53 0.81
12 .1 10.91 10.15 0.75 0.76

17,59 15.00 13.94 1.12 1.08

Sasle #8 cl. x, 123.1

20.01 17.56 14.63 2.92 2.92
12 5- 1o.67 2.13 2.146 0o3o 07 ; 7 .7 1% ALIa I.L

4.98 6.55 5.146 1.06 1.06

0.47 4.77 4.05 0.71 0.72

-9.99 * 1.97 1.96 0.00 0.20

-7. 4 9 * 2.44 2.21 0.22 0.40
-4-97 * 3.03 2.67 0.34 0.50
20,00 17.56 114.,5 3,18 3,20
2-4.99 23.73 19.5 1,19 14.20

20.01 17.56 14.56 2.97 2.98
20.00 17.56 14.53 3.o4 3.o4
15.00 12.79 10.59 2.20 2.20

Sample #1o Cl. = 152.3

24.98 23.75 18.09 5.64 5.65

19.99 17.52 13.39 4.17 4.15
114.99 12.79 9.81 2.99 2.98

S10.00 9.22 7.12 2.11. 2.11

14.98 6.54 5.07 1.47 1.47

0.49 4.76 3.68 1.08 1.08

-5,00 *3,03 2.46 0.58 0.72

-9.-99 * 1.95 1.69 0.26 0.46

-15.02 * 1.25 1.19 0.05 0.25
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Appendix 2 (cont.)

Correoted Observed Observed Observed Average
Temperature Water - *Ioe Sample Dfferential Corrected

oc V.p. p' V.?. p po' -P PC "P

Sample #1 cl. = 17.4

20.00 17.S4 17.28 0.27 0.26
20.01 17.55 17,28 0.27 0.27
4.-98 12.78 12.58 0.20 0.20
0.48 4.76 h.69 0.07 0.07
4.98 6.55 6 .44 0.11 O.2
9.97 9.19 9.03 0.15 0.16
25.00 23.75 23.38 0.37 0.37

Sample #10-A 1, 2 1"4.1

20o.oo 17.56 13.67 3.87 3.88
15.02 12.87 10.02 2.82 2.84
1ý.02 12.80 10.02 2.82 2.80

-- Irw j (w.,, ----

10.01 9.24 7.32 1.94 1.96
.-I) , ., 1-27 1.22 0.01 242

-.- ~ ~ ~ -, .;9"Zf Ie 3-10.07 •" .yw• , .••

-5,01 , 3.00 2.57 0.42 0.8
0.48 4.76 3.72 1.05 1.04
4.98 6.53 5.17 1.38 1.37

-4.97 - 2.55 0.62
25.00 23.79 18.30 5.50 5.50
30.00 - - 7.4o 7.4o
-2.49 - 3.01 - 0.81

Sample #2-A cl. = 30.5

20.01 17.57 17.07 0.48 0.49
24.99 23.76 23.05 0.68 0.70
29.99 -- 0.95 0.95
14.94 12.74 12.:39 0.36 0.36
10.03 9.22 8.96 0.26 0.26

4.99 6.54 6.34 o.18 0.19
0.53 4.76 4.63 0.13 0.13
15.00 12.80 12.4o 0.38 0.39
20.02 17.56 17.o5 0.51 0.51
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Appandix 2 (cont.)

Correoted Observed Observed Observed Average
Temperature Water - *Ice Sample Differential Corrected

CC V.P. po V.P. p P, - p po p-P

S&¶ple #4-A Cl. = 60,2

24.99 23.77 22.31 1.44 1.4520.03 17.57 16.42 1.12 1.14

15.01 12.79 l1.95 0.81 0.82
lo.o0 9.25 8.73 0.53 0.52
5.05 6.55 6.12 0.42 o.42

-4.96 * 3.06 3.03 0.03 0.18
0.45 4.75 4.48 0.28 0.28
30.00o - 2.15 2.15
24.98 23.76 22.23 1.52 1.52

sample a3 C. - 48.1

1:0.03 9.33 8.84 o.47 o.48

24.98 23.69 22.34 1.31 1.33
29.96 - 1.79 1.79

sample #j Cl. = 10.3

24.97 23.73 23.55 0.23 0,21
19.79 17.29 17.15 0.15 0.15
15.o28 12.98 12.86 0.14 0.13

9.98 9.17 9.09 0.08 0.08
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AppemrLx 3

Higashi's Original Vapor Pressure Data

Chlorinity T~emrature Vapor pressure lovering

parts/thousand 00 m. of Hg.

19.ho 24.97 0.6
a 49.86 1.4
""1 5.65 2.8

99.19 11.2
* 126.14 12.9

.150.26 34. 6

19.87 24.17 0.7
* 50.18 1.5

"75.03 5.4
99.33 14.7

12.5.09 25.8
S150.34 ho.3

S2175.22 72.0

53.O0 24.85 1.1
U 74.09 15.5

i" (f0.le 40.0

S249.24 162.8
176.1,5

a50o15 9.9
S75.23 35.1

124.67 206
150.30 407

119 16 75.00 46.1
1oo.16 122.4

, 149.o,6 474
151.82 25.66 5.2

, 50.00 21.3
74.94 62.6

, 99.70 160.7
a 125.99 386
* 148.27 699
a 176.09 1360

154.32 24.94 3.9
N 49.67 20.8

74.80 62.9
100.05 169.1

* 125.97 396
148.36 739
172.45 1295

155.69 25.14 5.1
" 49.72 21.7

"75.64 69.6
"99.95 175.9

126.22 4.12
"147,50 753
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Appedix 4

Relationwhip between Vapor PrOssure and
Concentration for Sea Water

R. Witting (1906)

P = PO (I - 0.=50•37 s)

S is salinity in par s/thouaand

p = po (1 - 0.000969 Ci.)

Ci, is ahlclrnity in parts/thu~a
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